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I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p. I.e., 
pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 
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1 . Yoxir reference 



RRS/7237 



2. PatmtappUcation number 



9910601-9 



(The Patent Office wiUfiU bi tbis part) 



3. Full name, address and postcode of the or of 
each applicant (underline aU surnames) 



Patents ADP number (if you know u) 

If the applicant is a corporate body, give the 
country/state of its incoiporatio/i 



Biocomposites Limited 

Etruscan Street, Etruria. Stoke-on- 
Trent, Staffordshire, ST1 5PQ, England 

United Kingdom 



4. Title of the invention 



Calcium Sulphate 



5. Name of your agent Swindell & Pearson 

"Address for service" in the United Kix^dom p^j^^ Gate 

to wrhich all correspondence should be sent Derby DE1 IGY 
(including tbe postcode) 



Patents ADP number (if you know u) 



00001578001 



6. If you are declaring priority from one or more 
xaxlier patent iqpplications, give the country 
and the date of filing of the or of each of these 
earlier applications and (if you know it) the or 
each application number 



Country Priority applicaxion number Date of filing 

(if you know it) (day/ montb /year) 



7. If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 



Number of cariier apf^cation 



Date of filing 
(tlay / montb /year) 



ili e caiiiei application 



Is a statement of inventorship and of right 
to grant f a patent required in support of 
this request? (Answer ITes' if 

a) any applicant named in part 3 is not an intfentor, or 

b) there is an inventor who is not named as an 
applicant, or 

c) any named applicant is a corporate body. 
See note (d)) 
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9. e/v the number of sheets for any of the 
following items you arc filing with this form. 
Do not count copies of the same document 

Continuation sheets of this form 
Description 

Claim (f> 
Abstract 

Drawing^) 




10. If you are also filing any of the following, 
state how many against each item. 

Priority documents 

Translations of priority documents 

Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) 

Request for preliminary examination 
and search (Patents Form 9/77) 



Request for substantive examination 
(Patents Form 10/77) 

Any other documents 

(please specify) 



11. 



1/Wc request the grant of a patent on the basis of this application 
Signature C>\Date 1 5th July 1 S9 : 

Swindell & Pearson 



12. Name and daytime telephone number of 
person to contact in the United Kingdom 



Mr. R. R. Sales 
Derby (01332) 367051 



Warning 

After an application for a patent has been filed, the Comptroller of the Patent Office uHU consider whether publication 
or communication of the invention shotdd be prohibited or restricted under Section 22 of the Patents Act 1977. You 
tvill be informed if it is necessary to prohibit or restrict your invention in this way. Furthermore, if you live in the 
United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without first getting 
umtten permission from the Patent Office unless an application has been filed at least 6 weeks beforehand in the 
United Kingdom for a patent for the same invention and either no direction prohibiting publication or 
communication has been given, or any such direction has been revoked. 

Notes 

a) If you need help to fill in this form or you have any questions. Please contact the Patent Office on 0645 500505 

b) Write your answers in capital letters using black ink or you may type them, 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate 
sheet of paper and ivrite "see continuation sheet" in the relevant part(s). Any continuation sheet shotdd be 
attached to this form. 



If you have answered 'Yes' Patents Form 7/77 will need to be filed 

e) Once you have filled in the form you must remember to sign and iiate it 

f) For details of We fee and wttys to pay pletise contact the Patent Office. 
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ralriuTTi Sulphate 



This invention concerns a method of producing surgical grade calcium 
sulphate and particularly but not exclusively a method of producing a 
resorbable osteoconductive bone void filler material. 



Plaster of paris (hemi-hydrate calcium sulphate) is known to be suitable 
for use as a filler for bone defects. This material provides a number of required 
characteristics and does not produce any significant undesirable reaction within 
a body. Traditionally plaster of paris is produced from naturally occurring 
gypsum. This often has associated undesirable impurities. For medical 
applications and particularly for implantation high purity materials are 
obviously needed. Whilst it is possible for calcium sulphate to be produced 
synthetically, conventional techniques produce a material which has a high 
surface area which thus has a high water demand and therefore produces a low 
strength material when set. Such set material has a high dissolution rate and 
too short a residence time when implanted. 

Plaster of paris, or more accurately calcium sulphate, has two modes of 
use as a bone filler. The first is in the di-hydrate form, usually as pellets which 
can be placed in a bone void. The second is as a hemi-hydrate powder which 
can be made up with water into a paste, which paste is mouldable to a required 
shape. Such materials are usable in the fields of orthopaedic, dental and 
maxillofacial surgery. Hemi-hydrate calcium sulphate has two forms. The first 
a is produced by hydrothermal treatment of the di-hydrate. The second p is 
produced by dry heat calcination. This latter form tends to have a low density, 
a higher water demand and therefore a lower strength and a faster dissolution 
rate than the a form. 

According to the present invention there is provided a method of 
producing surgical grade calcium sulphate, the method comprising forming an 
initial calcium sulphate di-hydrate from synthetic constituents; dehydrating the 



initial calcium sulphate di-hydrate to form calcium sulphate anhydrite; and 
subsequently rehydrating the calcium sulphate anhydrite and allowing 
subsequent calcium sulphate di-hydrate to crystallise out. 



The subsequent di-hydrate may be used as a solid material bone filler 
and may be formed into pellets. The crystallised subsequent calcium sulphate 
di.hyrdrate may he flrnund prior tn fnrmins intn pellets 

Alternatively, the subsequent calcium sulphate di-hydrate may be 
calcined to form calcium sulphate hemi-hydrate, which material can be mLxed 
with water or a salt solution to form a settable paste. 

The calcining may be hydrothermal to form a calcium sulphate hemi- 
hydrate, and may be carried out in an autoclave. The calcining may be carried 
out at a pressure of 1-6 bar, and desirably 2-3 bar. The calcining is preferably 
carried out for a half to five hours, and desirably one to two hours. 

Alternatively, the calcining may be carried out in dry heat conditions. 
The calcining may be carried out at a temperature of 70 - 200X and desirably at 
150 - 173X, and for a period of a half to six hours and desirably one to two 
hours. 

Following calcining, the calcium sulphate hemi-hydrate is preferably 
ground to a powder, and desirably with a particle size of less than 150 microns. 

The initial calcium sulphate di-hydrate may be formed by mixing soluble 
calcium and sulphate salts such that calcium sulphate precipitates out. The di- 
hydrate thus formed may be washed, and subsequently filtered, crushed and/or 
dried. 



. The calcium salt may be a chloride or nitrate. The sulphate may be a 
sodium, potassium or ammonium salt. The calcium and sulphate salts are 
preferably provided in a substantially equal molecular ratio. 
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Alternatively the initial calcium sulphate di-hydrate may be formed from 
neutralising lime with sulphuric acid. 

The dehydration of the initial calcium sulphate di-hydrate preferably 
takes place within a temperature range 110- 350^ and desirably at less than 
300X, to form soluble calcium sulphate anhydrite. Alternatively the 

dehydia t icm may take place at a tomporature above 350'C to form Insnluhlf 

anhydrite. 

The rehydration of the calcium sulphate anhydrite preferably takes place 
immediately following dehydration. The calcium sulphate anhydrite is 
preferably fully immersed in water or an aqueous solution for rehydration. 

The rehydration may take place in water or a weak salt solution. The salt 
solution may comprise succinic acid or a potassium sulphate solution, with a 
concentration of less than 1% and desirably substantially 0.1%. 

Finely powdered calcium sulphate di-hydrate may be added during 
rehydration such that the powdered calcium sulphate acts as crystal seeds, and 
the addition may be in the order of 5g per litre of water. For soluble hydrite 
the rehydration preferably takes less than five days. 

The subsequent calcium sulphate di-hydrate is preferably dried following 
crystallisation. Alternatively, if it is to be autoclaved to form a hcmi-hydrate it 
may be held in a damp condition. 

Examples of the present invention will now be described by way of 
example only. 

Lxample 1 

4 moles of analytical grade potassium sulphate were dissolved in 2 1 of 
deionised water. The resulting solution was added to a solution of 4 moles 
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calcium nitrate in 2 1 of deionised water. The precipitate so formed was washed 
free of all nitrate and filtered on a Buchner Funnel followed by a further wash 
on filter with 100ml of deionised water. The resultant filter cake was dried at 
40X. Its BET SSA (specific surface area measurement) was determined as 
0.61 mVgm. 

500 gma of this calcium sulphate di hydrate fiher cake were lightly 

crushed, put into a 2 1 borosilicate glass beaker, and placed in an oven at 200X 
for 24 hours. On removal from the oven, 500 mis of deionised water - were 
added immediately to the beaker ensuring that all of the powder was immersed. 
This was allowed to soak for a period of 3 days, and then all supernatant liquid 
was drained away. 

The resulting di-hydrate had a BET SSA of 0.06mVgm. This coarse 
textured, granular, recrystallised di-hydrate was now placed in a stainless steel 
tray and autoclaved at 2.5 bar for a period of 2 hours. The a hemi-hydrate so 
formed was dried at llOX for half hour prior to crushing in a pestle and mortar 
to pass a 150 micron mesh sieve. 

The material so formed could be blended with 0.35 parts of water to 
form an easily workable and mouldable paste which became firm after 6 
minutes and set to a hard, dense mass soon after. 

This material blended with 0.35 parts of a 0.5% potassium sulphate 
solution formed an easily workable and mouldable paste which became firm 
after 3 minutes, and set to a hard dense mass soon after. 

Example 2 

jOO gms of the p r eci p itaTe c i caicium sulpha te dl - hydra t e tr o m Lxam p le L 

were put into a glass beaker, which was placed in an oven at 200X for 24 hours. 
On removal from the oven, 500 mis of 0.196 succinic acid solution were added to 
the beaker, ensuring that all of the powder was immersed. This was soaked for 
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16 hours, at which time the supernatant liquid was drained away to reveal a 
coarse textured recrystallised gypsum powder. 

This powder was treated hydrothermally as in Example 1 above, followed 
by drying and crushing. 

The Fcoulting a homi.hydrate way hlpndpd with D 4t parTfi nf water \Q 

form a paste which became firm after 6 minutes and set to a hard, dense mass 
soon after. 

Fxamnle 3 

500 gms of the precipitated calcium sulphate di-hydrate from Example 2 
were calcined in an oven at 400'C for 2 hours. The anhydrite so formed was the 
orthorhombic or so called dead burned variety. This was removed from the 
oven, immersed in deionised water and allowed to soak for a period of 14 days. 
The supernatant liquid was drained away to reveal a coarse, gritty recrystallised 
gypsum powder. This was hydrothermally treated in an autoclave for 2H hours 
at 1.7 bar. The resulting a hemi-hydrate was dried at 1 10"C and crushed to pass 
a 125 micron mesh sieve. This gave a material which was blended with 0.38 
parts of sterile, deionised water to form a mouldable paste which became firm 5 
minutes after mixing, and set to a hard mass soon after. 

Example 4 

Recrystallised di-hydrate prepared according to Example I was dried at 
40X overnight. The dried material was crushed to pass a 150 micron mesh 
sieve and the resulting fine powder was heated in a shallow stainless steel tray 
at a depth of 2 cm for 2 hours at 165X. The hemi-hydrate so formed was of the 
P vjiitty, and wag bKiHdod with 0.65 purtu of >teiilp ripinnisf ri wntpr Tn fnrm a 
mouldable paste which set to give a firm mass. 
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Example 5 

SOOgms of The precipitated calcium sulphate di-hydrate from Example 1 
were put into a glass beaker, which was placed in an oven at 150'C for 40 
minutes. On removal from the oven, the resultant p hemi-hydrate was added to 

OOOmI of dcioniaed water and mixed to form a fluid maoo. Thio wqo poured 

into a shallow stainless steel tray and allowed to re-hydrate and set. The 
following day the set gypsum in the stainless steel tray was put into an oven at 
250*C for 20 hours to allow for complete dehydration. The resulting calcium 
sulphate anhydrite was covered with deionised water and allowed to soak for a 
period of 4 days and then all supernantant liquid was drained away to reveal a 
coarse textured recrystallised gypsum powder. This powder was treated 
hydrothermally as in Example 1 above to produce an a hemi-hydrate. 

Summary 

Example 3 shows that the insoluble anhydrite requires a much longer 
crystallisation time than the soluble variety. Example 4 shows the use of dry 
heat calcination to produce the p hemi-hydrate. It has been found that using a 
salt for the rehydration speeds up the process, as is illustrated in Example 2. 
Finely powdered gypsum may be added to act as crystal seeds. 

Example 5 shows that the synthetic precipitated calcium sulphate di- 
hydrate can first be formed into a hemi-hydrate followed by re-hydration with a 
minimum quantity of water to form a set mass of di-hydrate. This set di- 
hydrate can then be dehydrated and recrystallised as previously described. 

The above examples describe production of calcium sulphate hemi- 
iiyUrate wliiUA tan lit! laruieil iiiiu j pjsie. The a lieniMiyUid t e t nu& imui c d uan 
be blended with 0.30 to 0.40 parts water or saline solution to give a mouldable 
paste which sets to a firm mass. The p hemi-hydrate requires 0.55 to 0.70 parts 
water to form an appropriate paste. 
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If the calcium sulphate is required to be used in a pellet form, the 
calcination from the di-hydrate to the hemi-hydrate is not required. The 
subsequent di-hydrate would be ground or crushed and formed into pellets of 
an appropriate size. 

There is thus described a method of producing surgical grade calcium 
sulphate which combines the advantages of the synthetic route with the 
characteristics encountered with naturally occurring gypsum. The method is 
relatively straightforward and can thus be readily reproduced, and without 
significant extra costs, 

Various modifications may be made without departing from the scope of 
the invention. For example, the initial di-hydrate may be formed by 
neutralising lime with sulphuric acid. Other materials such as calcium chloride 
or sodium sulphate, may be used to form the initial calcium sulphate. Other 
salts may be used during the process as is required. Other conditions may be 
applicable to the dehydration, rehydration or calcining. 

Whilst endeavouring in the foregoing specification to draw attention to 
those features of the invention believed to be of particular importance it should 
be understood that the Applicant claims protection in respect of any patentable 
feature or combination of features hereinbefore referred to and/or shov\Ti in the 
drawings whether or not particular emphasis has been placed thereon. 
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